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Data  Reduction  of  GOES  Information 
from  DCP  Networks 

GARY  W.  DECOFF,  STEVEN  F.  DALY  TIMOTHY  PANGBURN  AND  CLAY  THOMs  -N 


INTRODUCTION 

The  use  of  Data  Collection  Platforms  (DCPs) 
to  transmit  data  through  the  Geostationary  Op¬ 
erational  Environmental  Satellite  (GOES1  data 
collection  system  is  becoming  increasingly  wide¬ 
spread  as  the  ability  to  process  and  use  real-time 
data  expands.  The  data  are  essential  for  reservoir 
regulation,  navigation,  ice  forecasting,  flood 
forecasting,  water-quality  monitoring,  and  other 
facets  of  the  Corps  of  Engineers  mission.  Each 
DCP  may  be  interfaced  with  many  different  sen¬ 
sors,  depending  on  the  objective.  The  sensors 
may  be  moved  from  location  to  location  and 
may  be  recalibrated  or  reconfigured.  An  efficient 
and  flexible  decoding  and  data  reduction  system 
must  be  used  to  determine  the  actual  engineer¬ 
ing  values  of  measurements  from  a  large  num¬ 
ber  of  sensors  and  to  store  the  data  in  a  conven¬ 
ient  and  useful  data-base.  For  analysis  programs, 
the  storage  database  from  which  information  is 
extracted  must  have  a  fixed  format  that  does  not 
change  regardless  of  the  changes  made  to  the 
sensors.  In  short,  the  need  has  arisen  for  soft¬ 
ware  that  is  efficient  in  reducing  and  storing 
DCP  transmission  data  in  a  usable  format  and 
flexible  enough  to  allow  changes  in  sensor  and 
transmission  formats  to  be  incorporated  easily. 

This  paper  describes  a  software  system, 
DCP. FOR,  that  was  developed  at  USACRREL  to 
provide  a  convenient  and  i  An  ient  method  of  de¬ 
coding,  reducing,  and  storing  data  from  DCP 
networks.  The  software  s  ,  '  ?m  includes  a  simple 
means  of  defining  the  .  >  langement  of  sensors  at 
a  DCP  site  that  <\m  be  updated  easily  if  the  sen¬ 
sor  arrangement  is  changed  or  the  sensors  modi¬ 
fied.  Anv  linear  data  reduction  procedure  can  be 
proceed.  Voltage  divider  circuits  can  also  be 


processed  to  determine  the  resistance  of  thermis¬ 
tors,  from  which  the  temperature  of  the  thermis¬ 
tor  can  then  be  calculated  through  the  use  of  the 
nonlinear  Steinhart-Hart  equation.  If  reference 
resistors  are  installed  in  the  voltage  divider  cir¬ 
cuit,  Lhe  transmitted  value  of  the  thermistor  re¬ 
sistance  can  be  corrected  for  any  impedance  mis¬ 
match,  based  on  the  transmitted  value  of  the 
reference  resistor.  The  system  can  process  data 
from  DCPs  manufactured  by  four  different  com¬ 
panies:  Sutron,  Synergetics,  Handar,  and  Le- 
barge.  The  program  will  also  check  to  see  if  the 
data  value  is  within  user-specified  maximum 
and  minimum  limits.  If  it  is  not,  the  value  will  be 
flanged  with  a  missing  value  marker.  The  data- 

c 

base  created  by  DCP. FOR  is  independent  of  the 
particular  sensor  arrangement  at  any  DCP  site.  It 
provides  a  convenient  way  of  interfacing  the 
data  collection  network  with  application  pro¬ 
grams. 

DCP.FOR  DESCRIPTION 

An  overview  of  DCP.FOR  is  shown  in  Figure 
1.  The  program  consists  of  three  parts  The  first 
part  is  MASTER.DAT,  an  information  file  that 
describes  each  DCP  site.  MASTER.DAT  contains 
information  describing  the  DCP  type  GOES 
identification  codes,  sensor  types,  linear  data  re¬ 
duction  constants,  thermistor  calibration  >.  i-n 
slants,  and  more.  If  a  DCP  site  is  upc  i  ,  i  or 
changed  in  any  manner,  only  the  informa  :on  m 
MASTER.DAT  need  be  changed. 

The  second  part  is  the  program  DCP  !  i  >K  i! 
self.  DCP.FOR  uses  the  data  in  MASTER  1  'AT  tu 
select  the  appropriate  information  in  the  <  (  h  '• 
message,  performs  the  required  data  rech..  ■  :oiv-. 
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Finnic  I.  DCF. FOR  program  structure. 


and  stores  the  information  in  engineering  units 
in  an  output  file,  d.e  third  part  of  the  program. 

A  separate  output  file  is  created  for  each  site 
and  contains  a  mor.th-long  record.  The  output 
files  record  the  date,  time,  and  value  of  each  sen¬ 
sor.  Values  are  stored  in  engineering  units,  and 
missing  data  are  indicated  by  a  missing  data  val¬ 
ue. 


DATA  REDUCTION 

DCp. CONVERT  can  process  a  maximum  of 
25  DCP  sites.  Each  site  can  1  ave  up  to  16  sensors. 
DCP.FOR  determines  thermistor  temperatures 
by  use  of  the  Steinhart-Hart  equation,  which  is  a 
third-order  polynomial  describing  the  inverse  of 
the  temperature  in  terms  of  the  natural  loga¬ 
rithm  of  the  thermistor  resistance.  Up  to  4  sets  of 
polynomial  coefficients  (referred  to  as  calibra¬ 
tion  constants)  can  be  specified  for  each  site. 
DCP.FOR  can  process  data  from  Sutron,  Syner¬ 
getics,  Handar,  and  Lebarge  DCPs.  A  short  de¬ 
scription  of  the  reduction  procedures  and  the 
sensor  tvpes  the  program  can  process  follows. 

Linear  data  reduction 

DCP.CONVERT  can  process  the  data  from 
any  sensor  that  requires  a  linear  data  reduction 
equation  of  the  form 

E  =  Slope  (.v)  +  B  (1) 

where  £  is  the  sensor  output  in  engineering 
units,  v  is  the  value  transmitted  by  the  DCP,  and 
Slope  and  B  are  the  user-supplied  slope  and  in¬ 


tercept  of  the  linear  relationship  between  the 
DCP  transmission  and  the  associated  sensor  out¬ 
put  in  engineering  units.  The  DCP  transmission 
will  be  a  coded  form  of  the  voltage  output  of  the 
sensor. 

Voltage  divider  circuits 

Generally  the  most  accurate  measurement  oi 
air  or  water  temperature  is  accomplished  by 
means  of  a  thermistor,  which  changes  resistance 
in  response  to  changes  in  temperature.  How¬ 
ever,  as  DCPs  cannot  measure  resistances,  a  volt¬ 
age  divider  circuit  must  be  used  to  measure  the 
voltage  across  the  thermistor.  An  example  of  a 
voltage  divider  circuit  is  shown  in  Figure  2.  The 
resistance  of  the  thermistor,  RT,  can  be  calculated 
by 


Rt  =  R  D 


VT 

Vo  -  VT 


where  Rp  is  the  known  resistance  of  the  divider 
resistor,  VT  is  the  measured  voltage  across  the 
thermistor,  and  V0  is  the  measured  applied  exci¬ 
tation  voltage  across  the  circuit. 

Correction  of  Measured  Voltage 
for  Impedance  Mismatching 

Due  to  the  present  design  of  DCPs  it  is  not  al¬ 
ways  possible  to  construct  simple  voltage  divid¬ 
er  circuits  that  provide  maximum  accuracy,  min¬ 
imum  self-heating,  and  proper  impedance 
matching.  Impedance  mismatching  together 
with  relatively  large  common  mode  offset  cur¬ 
rents  that  are  introduced  into  the  voltage  divider 
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A  P  P  l 1  c  n 
VOLTAGE 


The  equation  is 


Figure  2.  Voltage  divider  circuit  for  determining 
thermistor  resistance.  See  text  for  explanation  of 
variables. 


circuits  by  the  circuitry  of  the  DCP  can  result  in 
inaccurate  calculation  of  the  thermistor  resis¬ 
tance  by  eq  2.  To  correct  for  the  offset  current, 
the  voitage  across  a  reference  resistor  with  a 
known  stable  resistance  is  measured  along  with 
the  temperature  thermistors.  This  measurement 
allows  the  offset  current  produced  by  the  imped¬ 
ance  mismatching  to  bo  determined.  The  voltage 
across  the  reference  resistor  VF  can  then  be  used 
to  calculate  each  thermistor  resistance  by 


where  RF  is  the  known  resistance  of  the  reference 
resistor. 


Steinhart-Hart  equation 

The  Steinhart-Hart  (1968)  equation  is  an  em¬ 
pirical  equation  that  relates  the  resistance  of  the 
thermistor  to  its  temperature.  It  is  a  third-order 
polynomial  describing  the  inverse  of  the  tem¬ 
perature  in  terms  of  the  in.'  rral  logarithm  of  the 
resistance.  It  has  been  round  that  the  second- 
order  term  of  the  polynomial  can  be  neglected. 


J-  =  o  +b  (InRx)  +  c  (lnRif ' 
T 


(4) 


where  a,  b,  and  c  are  constants  determined  from 
calibrating  the  thermistor,  K ,  is  the  thermistor 
resistance,  and  T  is  the  thermistor  temperature 
in  kelvins.  The  resistance  of  the  thermistor  is  ac¬ 
curately  measured  at  three  known  temperatures 
during  calibration.  The  Steinhart-Hart  equation 
is  then  fitted  to  the  results  and  the  values  of  the 
use  of  the  a,  b,  and  c  constants  are  determined. 
DCP. FOR  allows  up  to  four  sets  of  calibration 
constants  at  any  site. 


SENSORS 

The  following  is  a  list  of  the  sensor  types  that 
DCP. FOR  is  specifically  designed  to  process. 

Temperature 

Generally  glass-in-bead  type  thermistors  are 
recommended  for  water  and  air  temperature 
measurements.  Currents  through  the  thermistor 
must  be  kept  low  to  avoid  self-heating  of  the 
thermistors.  For  best  accuracy,  individually  cali¬ 
brated  thermistors  should  be  used. 

A  platinum  resistor  may  also  be  used.  This  is 
a  sensor  in  which  the  resistance  change  is  linear 
with  temperature  change  over  a  fairly  wide  tem¬ 
perature  range.  In  either  case  a  voltage  divider 
circuit  is  required. 

Relative  humidity 

Relative  humidity  sensors  can  be  of  several 
types.  Generally,  their  output  is  a  voltage  linear¬ 
ly  proportional  to  the  relative  humidity.  The 
units  are  percent  of  maximum. 

Solar  radiation 

Solar  radiation  sensors  measure  the  flux  of  the 
shortwave  radiation  of  the  sun.  Their  output  is  a 
voltage  linearly  proportional  to  the  solar  energy 
flux.  Units  are  watts  per  square  meter. 

Barometric  pressure. 

Barometric  pressure  sensors  measure  the 
pressure  of  the  a.mosphere.  Their  output  is  a 
voltage  linearly  proportional  to  the  atmospheric 
pressure.  Units  are  millibars. 
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Wind  speed 

The  output  of  wind-speed  sensors  is  a  voltage 
linearly  proportional  to  the  wind  speed.  Units 
are  meters  per  second. 

Wind  direction 

Wind-direction  sensors  produce  a  voltage  lin¬ 
early  proportional  to  the  direction  of  the  wind, 
which  usually  ranges  from  0°  to  540°.  The  units 
are  degrees. 

Water  level  (float) 

Measurement  of  water  stage  with  DCFs  is 
most  often  accomplished  by  using  a  float  placed 
in  a  stilling  basin  attached  to  the  shaft  of  a  shaft 
encoder.  Movement  of  the  float  turns  the  shaft; 
this  is  detected  by  the  shaft  encoder,  which  is  in¬ 
terfaced  with  the  DCF.  Output  is  normally  in 
digital  form.  Units  are  in  feet  or  meters  above  a 
datum. 

Water  level  (pressure  transducer) 

A  pressure  transducer  measures  the  water 
surface  stage  by  sensing  the  pressure  caused  by 
the  weight  of  the  water  above  it.  Output  is  a 
voltage  that  is  linearly  proportional  to  stage. 
Units  are  in  feet  or  meters  above  a  datum. 

Water  level  (acoustic  sensor) 

Acoustic  sensors  measure  the  time  required 
for  a  sonic  wave  to  travel  to  the  water  surface 
and  return.  The  sensor  may  be  mounted  above 
or  below  the  water  surface.  As  the  wave  speed  in 
air  and/or  water  is  well  known,  the  distance  to 
the  air/water  boundary  can  be  calculated  and 
the  water  surface  stage  determined.  Output  is 
usually  a  voltage  proportional  to  the  travel  time. 
Units  are  in  feet  or  meters  above  a  datum. 

Battery  voltage 

The  DCPs  are  powered  by  batteries  that  are 
kept  continuously  charged  if  1 10V  power  or  so¬ 
lar  panels  are  available.  Power  may  also  be  sup¬ 
plied  by  solar  panels.  The  state  of  the  DCP  can 
be  monitored  by  transmitting  the  battery  volt¬ 
age.  Output  is  a  voltage  that  is  linearly  propor¬ 
tional  to  the  battery  voltage.  The  units  are  volts. 

MASTER.DAT 

The  file  MASTER.DAT  contains  a  description 
of  each  DCF  site  Each  description  consists  of 


four  parts:  the  site  information,  transmission  in¬ 
formation,  sensor  description,  and  thermistor 
calibration  information.  The  description  is  re¬ 
peated  as  necessary  to  describe  all  the  DCPs  in  a 
network.  The  site  information  contains  a  site  ti¬ 
tle,  site  code,  GOES  identification  number,  and 
DCP  type.  Transmission  information  describes 
the  number  of  channels  transmitted,  number  of 
lines  in  a  transmission,  number  of  redundant 
lines,  position  in  the  transmission  of  the  battery 
voltage  information,  and  number  of  groups  of 
thermistor  constants.  The  sensor  description 
identifies  the  sensor  and  the  reduction  constants 
if  the  reduction  is  linear,  or  indicates  the  ther¬ 
mistor  calibration  group  that  contains  the  appro¬ 
priate  calibration  constants  if  the  sensor  is  a  ther¬ 
mistor.  The  maximum  and  minimum  allowable 
data  values  are  also  included. 

Specifically,  the  MASTER.DAT  file  is  ar¬ 

ranged  as  follows: 

1 .  LOCATION  —  Descriptive  name  of  DCP 
site. 

2.  SITE  —  Four-character  code  assigned 
each  DCP  site. 

3.  SN  —  GOES  identification  number. 

4.  DCPl  Y  PE  —  Three-character  code  for 
type  of  DCP 

Sutron  SUT 

Synergetics  SYN 

Lebarge  LEB 

Handar  HAN 

5.  NC,  NL,  NLR,  BVL,  NGC 

NC  Number  of  channels  of  transmit¬ 
ted  data  (not  including  battery 
voltage  channel) 

NL  Number  of  data  lines  in  the  trans¬ 
mission 

NLR  Number  of  redundant  data  lines 
BVL  Battery  voltage  line 
NGC  Number  of  groups  of  thermistor 
calibration  constants 

6-21 .  SENCODE(I),  SLOPEtl),  B(I),  XMAS 
(I),  XMIN(I),  TG(I) 

SENCODE  —  Descriptive  number 
identifying  the  sensor 


4 


1  =  VO  —  Voltage  reference 

2  =  Water  temperature  (volts,  non¬ 

linear) 

3  =  Reference  resistor  (assumed  to 

be  10K  ohm) 

4  =  Air  temperature  (volts,  nonline¬ 

ar) 

3  -  Relative  humiility 
b  =  Solar  radiation 

7  =  Barometric  pressure 

8  =  Wind  speed 

9  =  Wind  direction 

10  =  Stage  (float) 

11  =  Water  depth  (pressure  trans¬ 

ducer) 

12  =  Water  depth  (acouctic  sensor) 

13  =  Battery  voltage 

14  =  Water  temperature  (linear) 

15  =  Air  temperature  (linear) 

16  =  Water  temperature  (ohms,  non¬ 

linear) 

17  =  Air  temperature  (ohms,  nonlin¬ 

ear) 

18-20  =  Unused  channels 

SLOPE  =  Factor  bv  which  data  is  multi¬ 
plied 

B  =  Number  added  to  (data)  x 
(slope) 

XMAX  =  Maximum  value  of  data 
XMIN  =  Minimum  value  of  data 

TG  =  Thermistor  constant  group;  if 
TG  =  0,  ignore 

22-24.  VVA,  WB,  WC 

WA  =  a  constant  in  Steinhart-Hart 
equation 

WB  =  b  constant  in  Steinhart-Hart 
equation 

WC  =  c  constant  in  Steinhart-Hart 
equation 

An  example  from  MASTER  DAT  is  shown  in 
Table  1.  A  complete  file  listing  is  contained  in 
Appendix  A.  Whenever  a  senior  or  a  new  site  is 
installed,  onlv  MASTER. DA  1  has  to  be  edited. 


DCP.FOR 

The  DCP.  FOR  program  contains  a  main  pro¬ 
gram  and  lc)  modules.  A  description  of  the  pro¬ 
gram  follows. 


Main  Program 

The  main  program  first  opens  ’'*■  ( .OES  mes¬ 
sage  file.  MASTER.DAT'  is  i  and  then  the 
GOES  message  file  is  read,  one  i,.ie  at  a  time  It  a 
match  with  a  DCP  described  in  MASTER. DA  1  is 
found,  subroutine  MESSAGE  is  called,  the  data 
is  processed,  and  the  converted  data  is  written  to 
site-specific  files.  At  the  end  of  the  program,  the 
input  file  and  all  output  files  are  closed. 

Subroutines 

1.  Subroutine  MASTER  —  Opens  the  master 
file  MASTER. DA  F,  reads  the  site  information  for 
each  DCP,  and  closes  MASTER.DAT. 

2.  Subroutine  MESSAGE  —  Consists  ot  three 
‘■ections: 

a.  The  first  section  breaks  each  line  of  data 
into  separate  values.  All  lines  in  one  site  trans¬ 
mission  are  processed  at  one  time. 

b.  The  second  matches  the  sensor  to  its  ap¬ 
propriate  constants  and  comer's  the  raw  value 
to  engineering  units. 

c.  The  last  section  calls  subroutine  OUT¬ 
PUT  to  write  converted  data  to  an  output  file. 

3.  Subroutine  DECOD1  —  Processes  a  data 
line  from  a  Svnergetics  DCP. 

4.  Subroutine  DECOD2  —  Processes  a  data 
line  from  a  Sutron  DCP. 

5.  Subroutine  DECOD3  —  Processes  a  data 
line  ftom  a  Lebarge  DC  1  . 

6.  Subroutine  Did  "OD4  —  Processes  a  data 
line  from  a  Handar  DC'". 

7.  Subroutine  MCO\  -  Initializes  a  real  nrrav 
to  a  specified  number 

8.  Subroutine  IMCO.N  —  Initializes  an  integer 
arrav  to  a  specified  number. 

9.  Subroutine  DATEMAKE  —  Given  the  year, 
uav,  and  hour  from  the  first  line  of  a  DCP  scan, 
converts  the  date  into  a  required  format. 

10.  Function  iOPLEN  —  Returns  the  length  of 
a  character  variable. 

11.  Function  CONVERT  —  Converts  a  raw 
data  value  into  an  engineering  value  using  a  lin¬ 
ear  conversion. 

12.  Function  TEMPER  —  Computes  a  resis¬ 
tance  from  the  voltages  ol  the  voltage  divider 
circuit  and  then  calculates  a  temperature  from 
the  resistance. 

13.  Function  RESIST2  —  Computes  a  thermis¬ 
tor  resistance  using  a  correction  based  on  refer¬ 
ence  resistor  value. 

14.  Function  TTEMPSH  —  Using  the  Stein¬ 
hart-Hart  equation,  calculates  a  temperature 
from  the  resistance  computed  in  RESIST2 


Table  1.  Example  of  data  contained  in  MASTER.DAT  for  Meldahl  Locks  and  Dam 


MASTER  PA  I  DESCRIPTION 

Meldahl  Lucks  &  Uim 
C  RR 1 
CE4Dn7.SL 
S'!  \ 

101  1.0.1. ! 

i  vo  oi  o.u.5:ooo,n,d 

V 10  0.0.0,42000,0.0 

In.  10  0.0. 0.32000,0,1 

In,  10  0,0  0.42000.0,1 

In.  10.0,0.0 .42000,0, 1 

15.0. 1.0.0,42000.- 40,0 

5, 1 .0.0.0.32000,0,0 

h.0. 1  182,3.2538,32000,-28,0 

7.1.0.0.0.32000,0,0 

8.0.0047.0.0,32000,0.0 

0,0. 1,0.0,3200,0,0 

0. 1 2827895D-2.0.23h50902D-3.0.9208<s  1 8<,D-7 


DCP  SITE  DESCRIPTION 

Location  =  Meldahl  Locks  &  Dam 
Site  =  CRR1 

Serial  Number  =  CE4D678E 

DCP  type  =  Synergetics 

Number  of  channels  =  10 

Number  of  transmitted  lines  =  1 1 

Number  of  redundant  lines  =  0 

Battery  voltage  line  =  1 

Number  of  thermistor  constant  groups  =  I 


Sensor 


Cmnnii*/ 

code 

Sensor 

Slope 

i 

13 

Bat.  volt 

0.01 

T 

3 

I0K  resist 

10.0 

3 

lb 

Wat.  temp. 

10.0 

4 

\b 

Wat  temp. 

10.0 

S 

lh 

Wat. temp 

10.0 

h 

13 

Air  temp. 

0.1 

y 

5 

Rel. humid. 

1,0 

S 

b 

Sol.  rad. 

0. 1  !t>2 

9 

7 

Bar.  pres. 

1.0 

10 

S 

Wind  sp. 

0.0047 

1 1 

9 

Wind  dir. 

0.1 

B 

Ala.vimnni 

Minimum 

Thermistor 

S'Vi'P 

0.0 

32000 

0 

0 

0.0 

32000 

0 

0 

0.0 

32000 

0 

1 

0.0 

32000 

0 

1 

0.0 

32000 

0 

1 

0.0 

32000 

-30 

0 

0.0 

32000 

0 

0 

3.2530 

32000 

-28 

0 

0.0 

32000 

0 

0 

0.0 

320(H) 

0 

0 

0.0 

320ix> 

0 

0 

Thermistor  Constant  Croup  I: 


a  =  0.1 28278*45  D-2 
l>  =  0.23O50902D-3 
e  =  0.920861 56D-7 
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15.  Subroutine  LE  I  ART  —  Hoes  the  calcula¬ 
tions  for  a  specific  location,  in  tins  cast  for  the 
Letart  Island  site. 

lt>.  Subroutine  OUTPLT  WT ,tes  converted 
data  to  the  appropriate  output  the. 

17.  Function  DA  LESS  —  Returns  ,1  h.lian  date 
t'r  calc  Car  date,  depending  on  what  ;s  passed 
on. 

18.  Subroutine  XhW.MON.  -  Opvhs  tl  no, 
output  file  each  month. 

N.  Subroutitv  "Ri.VIll  -  1’nms  die  d.iia  :n 
MASTER  DA  :  1  .>  thi'  screen. 

The  IX  e  OR  program  '>  available  on  "■>  2  '  i a 
tlopp'  It  nuv  be  obtained  from  t  RK1  I  as 

Internal  Report  1037. 

OUTPUT  FILES 

The  processed  data  is  w  ritten  to  tiles  One  tile 
is  created  for  each  month  for  each  site.  The  name 
of  each,  file  contains  the  4-letter  site  code  (see  line 
2  ot  \1ASTER.DAT)  followed  by  a  period  <.).  the 
month,  and  the  year.  For  example,  the  DEC.  ixs- 
monthly  tile  for  Meldahl  Locks  &  Dam  would  be 
CRR1. DEC  1987.  Each  line  of  the  data  written  to 
these  tiles  is  in  the  following  order:  war.  Julian 
date,  hour,  water  temperature-1  (  O,  water  tem¬ 
perature-2  (  C),  water  temperature-3  i  O.  10k 
resistor  tohms),  air  temperature  (  Cl,  relative  hu¬ 
midity  Pi  t.  sedar  radiation  (YV/m->.  barometric 
pressure  (mb),  wind  speed  (m/s),  wind  direction 
(deg),  stage  (float)  (m),  stage  (pressure  transduc 
er)  (m),  stage  (acoustic  sensor'  (m),  battery  volt 
age  (V),  and  spare.  Any  missing  data  is  denoted 
by  a  -901.  A  new  line  of  data  is  written  for  each 
hour  of  actual  data.  An  example  of  an  output  file 
can  be  found  in  Appendix  B,  EMSP.FEB1488. 


SUMMARY  AND  I  LTURE  WORK 

A  software  svstem  Di  1’  FOR.  was  developed 
to  solve  the  problem  ot  reducing  and  storing 
data  trom  IX T  networks  where  sensors  inter¬ 
laced  with  tlie  IX  I’s  max  be  liVvjuentlc  modi¬ 
fied  I  111--  i-  e- p,  ,  iu!!\  1 1  s e 1 11 1  during  (he  de\  clop 
11  lv.li  1  o!  an  appll-  .Cion  premium  ■■iivh  a-  hr 
1  oie,  asimc.  during  v  in,  h  ih<  I  K  1’  sensors  max 
:  v  ,  ontmualh  ,  hang, si  unti!  ,n:  opi nnai  arrange- 
n  <  ai  lomul. 

‘-ex e: al  improvements  m  !  K  [’  I  (  >K  van  lx 
i  ev  oumu aided  at  tin  -  P'Oinl.  1  lu  x  ,uv: 

i  An  inteil.Ke  to  help  the  user  moditx  the 
MAs!  ER  DAT  tile,  i  his  would  be  a  menu- 
driven  program  that  would  assist  the  user  m  a: 
delimng  tlie  sensor  arrangement  at  a  new  DC  1’ 
site  hi  displavir.g  the  sensor  arrangement  at  anv 
existing  DC  R  site,  and  c  ■'  m>  >Jtfvmg  the  sensor 
arrangement  at  anv  existing 

2.  1  lie  mamtx'iian,  >•  o:  ,m  (listen,,  ai  1  H  1' 

Site  Description  File  1 T 1 1 s  nie  would  keep  a 
record  ot  the  ongmai  IX  !'  site  description  and 
record  the  modifications  .md  she  date  the\  o, - 
viinvd  1  his  would  he  espo„ i,i 1  valuable  who 
raw  data  is  ix pro v-s,\i  tor  a  ■  a  that  has  unuei 
gone  main  modifications 

V  Interlace  IX T  D  HR  i.iih  the  current 
(  Vrps  of  Engine,  i  s  standard  V\  avr  Control  Data 
sVstv ins.  si;,  h  as  tie  1  1  .  divlegic  Engineering 
('enter's  Data  Storage  w  lent  •  1 1EC  '1  )sst. 

REFERENCE 

Steinhart,  |.S.  and  S.R.  Hart  iNnS)  Calibration 
curv  es  for  thermistors.  Arp  nv;  RcMUin'h.  15: 


APPENDIX  A 


MASTER.DAT 


PEORIA  LOCKS  &  DAM 
CRR4 

C  E  7  4  8  4  5  0 
SUT 

11,5,0,5,1 
1,  1. 0, 0. 0, 32000, 0, 0 
3  ,  1 . 0 , 0 . 0 , 32000, 0 , 0 
2,1.0 ,0.0, 32000, 0, 1 
2 , 1 . 0, 0 . 0, 32000 ,0,1 
2  ,  1 . 0, 0 . 0 , 32000 , 0, 1 
8,0. 00894 ,0.0, 32000, 0, 0 
9,0. 108 ,0.0, 32000, 0, 0 
15,0.016,-30.0,32000,0,0 
7,0.020,940.0, 32000 ,0,0 
5,0.020,0.0, 32000, 0,0 
6,0. 2789 ,0.0, 32000,0, 0 
13,0.1,0.0, 32000, 0,0 

0.  12827895D-2, 0. 236509 02D- 3,0.92066156  0-7 

STARVED  ROCK  LOCKS  &  DAM 

CRR5 

CE748A82 

SUT 

6, 5, 0, 5, 1 

1 ,  1 . 0, 0. 0, 32000,0, 0 
4 , 1 . 0, 0. 0, 32000,0,  1 
2 , 1 . 0 , 0 . 0 , 32000, 0 ,  1 
2 , 1 . 0 , 0 . 0 , 32000 , 0 , 1 
3,1.0,0.0,32000,0,0 
20, 1.0, 0.0, 32000,0,0 
13,0.1,0.0, 32000 , 0 , 0 

0. 12827895C-2, 0. 236509 02 D- 3,0 . 92066 156D-7 

LOCK  &  DAM  4 

CHRP 

CE17140E 

SYN 

8, 9, 4, 2, 3 

20, 1 . 0, 0 . 0, 32000, 0 , 0 
20,1.0,0.0, 32000 , 0 , 0 
20,1.0,0.0, 32000 , 0 , 0 
1,1 .0,0.0, 32000, 0, 0 
2 , 1 . 0, 0 . 0,  32000, 0, 1 
2, 1.0, 0.0, 32000,0,2 
3 , 1 . 0 , 0 . 0, 32000 , 0, 0 
4 , 1 . 0, 0 . J , 32000,0, 3 
13,1 .0,0.0 , 32000 , 0 , 0 

0  .  2952512D-02 , 0 . 2  6086999  D-0  3 , 0  .  1494904  ID-06 
0 . 12787021D-02 , 0 . 26203906D-03 , 0 . 15618451D-06 
0 . 12827895D-02 , 0 . 23650902D-03 , 0 .920661560-07 
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EMSWORTH  LOCKS  &  DAM 
EMSP 

CE5F9560 

SYN 

11. 12.4.2.2 

20, 1.0,0.0,32000, 0,0 
20,1.0,0.0, 32000,0,0 
20, 1.0,0.0,32000,0,0 
1 , 1 . 0 , 0 . 0 , 32000 ,0,0 
2 , 1 . G , 0 . 0 , 32000 ,0,1 
2 , 1 . 0, 0 . 0, 32000, 0, 2 
3 , 1 . 0, 0 . 0, 32000, 0,0 
15,0.116,-30.0,32000,0,0 
6,0.2789, 0.0, 32000,0, 0 
8,0.00894,0.0,32000,0,0 
9 , C . 108 , 0 .0,32000,0,0 
13, 1.0,0.0,32000,0,0 

0 . 1292678 5D-02 , 0. 261 19 662 D-03 , C. 145088 07 D-06 

0. 13CC1 200D-02 , 0 . 26058645D-03 , 0 . 14634057D-06 

MONTGOMERY  LOCKS  &  DAM 

MGYP 

CE5FD8B8 

SYN 

8, 9, 4, 2, 3 

20,1.0,0.0,32000,0,0 
20,1.0,0.0 ,32000,0 , 0 
1,1.0,0.0,32000,0,0 
2,1.0,0.0,32000,0,1 
2 , 1 . 0 , 0. 0 ,32000,0,2 
3 , 1 . 0, 0.0,32000,0,0 
4 , 1.0,0.0,32000,0,3 
6,0. 2789,0 .0, 32000,0,0 
13,1.0,0.0,32000,0,0 

0. 12928752 D-02, 0.261182 67 D-03, 0.147601 17 D-06 
0. 13118564D-02 , 0 . 25897952D-03 ,0. 15045782D-06 
0 . 12827895D-2 , 0. 2365 0902 D- 3,0. 92066156D-7 
NEW  CUMBERLAND  LOCKS  &  DAM 
NCUO 

CE5FE3F0 

SUT 

12.9.4.9.2 

20,1.0,0.0, 32000,0,0 
20,1.0,0.0, 32000,0,0 
20,1.0,0.0, 32000,0,0 
1 , 1 . 0 , 0 . 0, 32000,0,0 
2 , 1 . 0 , 0 . 0 , 32000, 0, 1 
2 , 1 . 0, 0 . 0, 32000,0,2 
3,1.0,0.0,32000,0,0 
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15,0.015,-30.0,32000,0,0 
6, 0.2789,0.0,32000,0,0 
7,0.020,940.0,32000,0,0 
8,0.00894,0.0,32000,0,0 
9 ,0.108 ,0.0, 32000,0,0 
13,0.1,0.0, 32000,0,0 

0. 12990404 D- 02, 0.25981 57 2 D-03, 0.1522 07 62  D-06 
0 . 12984080D-02 ,0.26045432 D-03, 0.14 54 54 58 D-06 
HANNIBAL  LOCKS  &  DAM 
HANO 

CE47CSF6 

SUT 

8, 9, 4, 9, 3 

20,1.0,0 .0,32000,0,0 
20, 1.0,0.0,32000,0,0 
20,1.0,0.0, 32000 , 0 , 0 
1 , 1 . 0 , 0 . 0 , 32000 , 0 , 0 
2,1.0,0.0,32000,0, 1 
2 , 1 .0,0.0,32000,0,2 
3,1.0,0.0,32000,0,0 
4, 1.0,0.0,32000,0,3 
13 , 0. 1, 0. 0, 32000, 0, 0 

0. 13015654D-02 , 0 . 25998045D-03 , 0 . 147 84 68 0D-06 
0. 12951444 D-02 , 0 . 2 609 5054 D-03 , 0 . 14996866D-06 
0. 12827895D-02, 0 . 23650902D-03 , 0 . 92066156D-07 
MELDAHL  LOCKS  &  DAM 
CRR1 

CE4D678E 

SYN 

10,11,0,1,3 
13,0.01,0.0, 32000, 0, 0 
16,10.0,0.0, 32000,0, 1 
16 , 10 . 0, 0. 0, 32000, 0, 2 
3 , 10. 0, 0. 0, 32000, 0, 0 
16,10.0,0.0, 32000, 0,3 
15,0.1,0 .0,32000,-30,0 
5, 1.0,0.0,32000,0,0 
6,0.1162,3.2536,32000,-28,0 
7 , 1 . 0 , 0 . 0, 32000, 0, 0 
8,0. 00447 , 0.0, 32000 , 0 , 0 
9 , 0 . I . 0 . 0, 32000, 0 , 0 

0. 1298 7 270 D- 02,0.26070306 D-03, 0.14665057 D-06 
0.12944901 D-02 , 0 . 26094 57 8 D-03 , 0 . 14342532D-06 
0.13053308 D-02, 0. 259564 60D- 03 ,0.1 4901138 D-06 
RACINE  LOCKS  &  DAM 
CRR2 

CE7*7A06 

SYN 
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5, 6,0, 1,3 

13,0.01,0.0, 32000, 0, 0 
16,10.0,0.0, 32000, 0, 1 
16,10.0,0.0, 32000, 0, 2 
3,10.0,0.0, 32000,0,0 
17,10.0,0.0, 32000, 0, 3 
6,0.139451,0.0,32000,0,0 

0. 12964513 D- 02, 0. 260567 70D- 03, 0.149 09 801D-06 
0. 12959354  D- 02,0. 26061002  D--03 , 0 . 1513  24  3  3D-06 
0. 12827895D-02, 0.23650902D-03 , 0 . 92066156D-07 
LETART  ISLAND  DCP 
CRR3 

CE7FFFBA 

SYN 

8, 9, 0,1,0 

13,0.01,0.0, 32000, 0, 0 
11,0.01,0.0, 32000,0,0 
12,0.01,0 .0,32000,0,0 
1, 1 . 0, 0 . 0, 32000, 0, 0 
2 , 1 . 0, 0 .0,32000, 0, 1 
2,1.0,0.0,32000,0,1 
15,0.1,0.0,32000,-400,0 
8,0.00447,0.0,32000,0,0 
9,0.1 ,0.0,32000,0,0 
MARKLAND  LOCKS  &  DAM 
MKLN 

CE4C1D3  6 
HAN 

8, 4, 0,0, 3 

20, 1.0,0.0,32000,0,0 
20,1. 0,0.0,32000,0,0 
1, 1 . 0, 0. 0, 32000, 0,0 
2,1.0, 0.0,32000,0,1 
2, 1. 0, 0. 0, 32000, 0,2 
3 , 1 . 0, 0. 0, 32000, 0,0 
4 , 1 . 0, 0. 0, 32000, 0,3 
20,1.0,0.0, 32000,0, 0 

0. 128  4  9  03  0D-02 , 0.261 67 041 D- 03,0. 152  62  8  2  0D-06 
0. 12846670D-02 , 0. 26187603 D-03, 0.15047 149 D-06 
0. 12827895D-2 , 0 . 2 3 65 09 02 D- 3 , 0 . 92066156D-7 
CANNELTON  LOCKS  &  DAM 
CNTN 

CE558996 

HAN 

8,4, 0,0, 3 

20,1.0,0.0, 32000,0,0 
20,1.0,0.0, 32000, 0, 0 
1 , 1 . 0, 0. 0, 32000, 0, 0 
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2 , 1. 0, 0 . 0 ,32000 ,0,1 
2 , 1 . 0 , 0 . 0 , 32000,0 , 2 
3 , 1 . 0, 0. 0, 32000, 0, 0 
4 , 1. 0, 0. 0, 32000, 0, 3 
20,1.0,0.0, 32000 , 0, 0 

0. 12922358 D-02,0. 26103158 D-03,0.15035425D-06 

0.128296290-02,0.261475690-03,0.157646430-06 

0. 12827895D- 02, 0. 236509 02 D- 03,0. 92066156D-07 

McALPINE  LOCKS  &  DAM 

MCPN 

CE555FFE 

HAN 

7, 4, 0,0, 3 

20,1.0,0.0, 32000 , 0 , 0 
20,1.0,0.0, 32000 , 0 , 0 
1 , 1 . 0 , 0 . 0 , 32000 , 0, 0 
2 , 1 . 0, 0 . 0, 32000, 0, 1 
2 , 1 . 0 , 0 . 0, 32000 , 0 , 2 
3 , 1 . 0 , 0 . 0, 32000 , 0, 0 
4 , 1 . 0, 0. 0, 32000, 0, 3 

0. 13844216D-02, 0. 24512195 D- 03,0. 2  2  019  586D-06 
0. 12 116586D-02, 0. 27527038 D-03 , 0 . 86934 104 D-07 
0.12827895 D-02,0. 236509 020-03,0 . 92066156D-07 
LOCK  &  DAM  26 
CRR6 

CE483EE0 

HAN 

8, 4, 0,0,1 

20,1.0,0.0,32000,0,0 
20,1.0,0 .0,32000,0,0 
20, 1.0,0.0,32000,0,0 
20, 1.0,0.0,32000,0,0 
1 , 1 . 0 , 0 . 0 , 32000 , 0 , 0 
2 , 1.0,0.0,32000,0, 1 
3,1.0,0.0,32000,0,0 
4 , 1. 0, 0 . 0, 32000,0 , 1 

0. 12827895D-2, 0. 236509 02 D- 3,0 . 92  066156D-7 
ALEXANDRIA  BAY  CG  STA.  ST. LAWRENCE  R 
ALEX 

CE20104 A 
SYN 

7, 8, 0,3, 3 

20,1.0,0.0, 32000 , 0 , 0 
20,1.0,0.0, 32000,0, 0 
2,1.0,°  0,32000,0, 1 
2 , 1 . 0 , 0 . 0 , 32000,0, 2 
3 , 1 . 0 , 0 . 0, 32000,0,0 
4  ,  1 . 0, 0 . 0, 32000, 0, 3 


13,1.0, 0.0,32000,0,0 
1, 1.0,0.0,32000,0,0 

0. 1210564  2D-02 ,0.2  6816171D-03,0.17741901D-06 
0. 121308 12D-02 , 0 . 26806726D-03 , 0. 17752302 D-06 
0. 12710749D-02 ,0.26426609D-03,0.14607556D-06 


APPENDIX  B 


ChO-  O  (M>  O'  O  O'  77777777777  7  7777 
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